GOCE, ESA's first Earth gravity mission, is currently to be launched early in 2009 into a sun-synchronous orbit. Using the full-scale numerical propagator, we investigated the satellite's free fall from the initial injection altitude of 280 km down to the first measurement phase altitude (at 264 km). During this decay phase the satellite will pass below the 16:1 resonance (268.4 km).
The effect of this resonance, together with the uncertainty in the solar activity prediction, has a distinct impact on the evolution of the orbital elements. Then, to maintain a near-constant and extremely low altitude for the measurement operational phases, the satellite will use an ion thruster to compensate for the atmospheric drag. In order to obtain the groundtrack grid dense enough for a proper sampling of the gravitational field, ESA set constraints for a minimum groundtrack repeat period. We studied suitable repeat cycles (resonant orbits) in the vicinity of 16:1 resonance; we found that
Introduction

1
The Gravity field and steady-state Ocean Circulation Explorer Mission 2 (GOCE) is to date the most advanced gravity space mission, the first Core 
18
The objective of this paper is to study two subjects connected with the 19 GOCE mission profile: the free fall in the early orbit phase and the ground-20 track repeatability during the measurement operational phases. The mission 21 is divided into several phases (see, e.g. Drinkwater et al., 2007; ESA, 1999, 22 2004), which may be summarized as follows. The GOCE satellite will be in-23 jected into a dusk-dawn nearly sun-synchronous orbit to guarantee a stable 24 and near-constant energy supply from the solar panels. Sun-synchronicity of 25 the orbit means that the orientation of the satellite orbital plane is constant 26 relative to the direction to the Sun (projected onto the equatorial plane).
27
The dusk-dawn attribute says that the local time at the ascending node is 28 18 hours, thus the orbital plane, within which the satellite circles around the 29 Earth, will remain approximately perpendicular towards the Sun direction.
30
From the injection altitude of 280 km, the satellite will be controlled to slowly 31 decay down to 264 km, while the spacecraft instruments will be checked out 32 and calibrated. The scientific requirements of the near-constant measurement 33 altitude dictate the orbit to be circular; the sun-synchronicity condition de-34 termines the orbital inclination, 96.7
• . Under such conditions, the satellite's 35 fully sunlit trajectory will be affected by seasons of short eclipses (duration 36 less than 10 min per orbit) and long eclipses (less than 30 min per orbit). 
74
The second label 'max' or 'min' (of curves in Fig. 1 ) refers to the maxi- quasi-secular changes depending on the specific values of orbital elements.
93
The exact date of 16:1 passage is apparent in Fig. 1 the sampling period and would add complexity to the graphs.
134
The dominant central attraction term due to the Earth gravity (labelled 135 by 'GRAV µ/r' in Fig. 2 ) is located mainly in the radial direction because
136
of the near circularity of GOCE's orbit, where its value reaches 9.02 m s −2 .
137
A c c e p t e d M a n u s c r i p t (Fig. 1) . In this section we will discuss repeat orbits suitable for the
194
GOCE mission using both the linear and numerical orbit simulation. 
1987)
where n is mean motion. In terms of mean elements, where the short-period 
For a given inclination, which in case of GOCE results from sun-synchronicity,
211
and for a pair of coprime integers R and D, equation (4) Yet, apart from the obvious 4.5-km difference in mean altitudes (Fig. 3) , to that of the 978:61 orbit (Fig. 3) . 
263
In Figure 5 , the J 2 theory was used to produce histograms of node sep- we will use the term equatorial node separation defined previously.
277
At the centre of the upper panel of Fig. 5 by using the mean altitude of 259.38 km, as is indicated above the bar.
281
Next, we reduced the mean altitude by 50 metres, and used the data from 
294
By contrast, the near 61-day repeatability of orbits around the 977:61 or-
295
bit is preserved, even if the mean altitude is varied by ±100 m and ±200 m.
296
The histograms of such orbits are shown in Figure 6 , and correspond to 
329
It is interesting that the mean altitude 263.9 km calculated from the J 2
330
analytical theory for the 977:61 resonant orbit (Fig. 6 ) is still valid in more 331 realistic numerical integration for approximately 61-day repeat orbit (Fig. 7) . In Section 2 we studied the early orbit phase of GOCE, when the satellite 340 is let in a controlled free fall from the injection altitude of 280 km down to the 341 first measurement phase altitude of around 264 km (Fig. 1) . 
352
In Section 3, we analyzed some properties of near-repeating orbits suit- titude is varied by ±200 m (Fig. 6 ). The conservation of the repeatability 372 character for the higher 977:61 orbit towards a few hundred metres variations
373
were tested using the full numerical integration, the narrow histogram peaks 374 obtained from the analytical computations became broadened (Fig. 7) . We 
